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HYDROGEOLOGIC INFORMATION IN THE GREAT LAKES BASIN, UNITED STATES,
AND APPLICATION OF A GEOGRAPHIC INFORMATION SYSTEM TO PUBLIC-

SUPPLY WELLS AND HAZARDOUS-WASTE SITES

By Kelly L. Warner, John D. Earle, and Marvin G. Sherrill

ABSTRACT

A computerized data base has been established to facilitate analysis and
interpretation of potential for ground-water contamination in the Great Lakes
basin. The computerized data base is being used in conjunction with a geographic
information system (GIS). Locations of public-supply wells were obtained from
Federal and State agencies and stored in the system. Well locations are
displayed using the Albers equal-area projection. A GIS was used to create a map
of public-supply wells and a map of combined waste sites and public-supply wells.

A comprehensive bibliography of 1,114 references, published during the
period 1960-86, pertaining to hydrogeologic studies in the Great Lakes basin and
geographic information systems, has been compiled using a relational data-base
program. Where possible, references are indexed by State and county to assist
in determining areas where additional study is necessary.

INTRODUCTION

In 1978, the U.S. and Canada signed a renewed Great Lakes Water Quality
Agreement that calls for identifying emerging water-quality problems in the Great
Lakes basin. The agreement does not specify monitoring the chemical quality of
the ground water, but, in 1982, the Science Advisory Board of the International
Joint Commission recommended that "ground-water resources of the Great Lakes
System be studied to determine potential contamination routes via this source and
to establish mitigative measures" (Swain, 1985). Subsequent reports written for
the Commission by Swain (1985) for the U.S., and by Gillham (1985) for Canada,
document conditions and locations throughout the Great Lakes basin where ground
water is susceptible to contamination.

Swain (1985) found conditions favorable in the U.S. for the transport of
contaminants to the Great Lakes by the discharge of ground water to the lakes.
Permeable glacial deposits and fractured bedrock in the Great Lakes basin allow
rapid infiltration and movement of water and contaminants to the water table,
into deeper aquifers, and eventually to streams and lakes. Swain (1985, p. 18)
states that "the greatest concentration of hazardous-waste sites are in areas
adjacent to the lakes near Chicago, Cleveland, and the Niagara River area."



In 1984, the Groundwater Contamination Task Force was established by the
Science Advisory Board to construct a proposal outlining the strategy needed to
determine the extent and potential effects of ground-water contamination on the
Great Lakes. That proposal recommends that all existing reports, data, and maps
for the basin be compiled. The maps would consist of, but not be limited to, the
following: composition of surficial materials and depth to bedrock, bedrock
geology, permeability of surficial materials, ground-water-flow characteristics,
aquifer use, land use, and locations of point sources of ground-water and
surface-water contamination.

In 1987, the U.S. Geological Survey (USGS) initiated a project to achieve
two of the goals stated above. The work effort involved the listing of existing
reports, theses, dissertations, and ongoing activities; and the development of
maps locating the potential point sources of ground-water contamination in the
eight States adjacent to the Great Lakes.

Purpose and Scope

This report describes the development of a bibliographic listing and the
potential sources of ground-water contamination in the Great Lakes basin,
gathered from academic researchers and State and Federal agencies in the eight
States adjacent to the Great Lakes. Basinwide maps were developed showing the
location of public-supply wells and waste sites. The sites include all known
contaminated sites as of 1986.

Description of Study Area

The Great Lakes basin, which contains the largest volume of freshwater in
the world, has one of the largest concentrations of population and industry in
the U.S. Nearly half of the basin’s land area is underlain by aquifers that have
the potential to yield more than 250,000 (gal/d)/mi? (Great Lakes Basin
Commission, 1975c, p. 7). Throughout most of the Great Lakes basin, shallow
ground-water divides coincide with surface-water divides; therefore, in this
report, the perimeter of the Great Lakes basin in the U.S., the study area, is
defined by the surface-water drainage divides.

The Great Lakes basin consists of the drainage basins of the five Great
Lakes--Erie, Huron, Michigan, Ontario and Superior--and has a combined land and
water area of 298,800 mi?. 1In the U.S., these drainage basins contain all or
part of 8 States--Illinois, Indiana, Michigan, Minnesota, New York, Ohio,
Pennsylvania and Wisconsin--and all or part of 207 counties in these States (fig.
1). The combined land and water area of the Great Lakes basin in the U.S. is
178,400 mi2, or 59.7 percent of the total basin.

Population density in the Great Lakes basin is four times that of the
national average, making the basin the most densely inhabited inland region in
the U.S. (Great Lakes Basin Commission, 1976a, p. 18). Approximately 31 million
people live in the U.S. part of the Great Lakes basin. This population has



*Ss93e3S P93TUN 9Y3 UT UTSeq S9Ye] 3e91H Syl JO UOTIRDOT--°T 2anbTJ .

\_\ .Omomm

SH3L3IWOTIA on_um on_vw 001

SIN 002 00}

oo

et " eue vc_

+ oy - p
g O LI stoun
gluBAjASUUSd z\ i 8
b - s\
v x N\ uebiyoIn z rr\.v
A, s
8N ° ' :
m..::o> MaN w c_chw_\s
~ n Sl e !
..\ g v s ﬁ..
M) s s @, i~
? . ;
L |

.. '

Algpunoq ©18}S —- —— g
Kiepunogq '
ujseq 2i60j0JpAH —-— o :

NOILVNVYIdX3

16°’\’



stayed more or less constant since 1980 (U.S. Department of Commerce, 1986).
Illinois and Wisconsin are the only States whose population increased since 1980.
Twenty of the 207 counties in the basin contain 50 percent of the population.
Two counties--Cook County, Illinois, and Cuyahéga County, Ohio--have more than
1 million inhabitants. The basin also contains 20 percent of the manufacturing
value in the U.S. (Great Lakes Basin Commission, 1975a, p. 6).

Determination of direct- and indirect-ground-water flow in the basin is
essential to understanding the total ground-water inputs to the Great Lakes.
Nearly half of the basin’s land area is underlain by aquifers that have the
potential to yield more than 250,000 (gal/d)/mi? (Great Lakes Basin Commission,
1975¢, p. 7). The direct-ground-water flow to the Great Lakes is commonly
assumed to be the amount of water input that is not accounted for by surface-
water flow and precipitation. Direct-ground-water flow to the Lakes has not been
measured for the basin. Indirect flow is the ground water that flows to streams
that discharge to the Lakes. Thus, the effect of ground water on the water
budget, and ultimately the water quality of the Great Lakes, is not fully
understood.

Although productive aquifers are found throughout the basin, ground water
is often ignored in studies of the water budget of the Great Lakes. Taylor and
Cherkauer (1984) estimated that ground-water contributions to the Lake Michigan
water budget can be as high as 5 to 10 percent. This can have a noticeable
effect on the Lake's chemistry, because ground water generally carries much
higher concentrations of dissolved constituents than does rain water or surface
water.
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HYDROGEQCLOGIC INFORMATION

A bibliography of 1,114 references pertaining to the hydrogeology of the
Great Lakes basin in the U.S. was compiled in a relational data-base system. The
references were collected from many sources. Computerized bibliographic searches
were completed on several subjects, including ground water, water quality, con-
tamination sources, geology, and land use. An earth-science data base, GeoRef
(Geological References), produced by the American Geological Institute, was the
primary data base searched. Letters were sent to various research institutions
in the Great Lakes basin requesting lists of their publications, on-going re-
search, and reprints. The USGS water-use specialists in each of the Great Lakes
States provided supplementary information for the bibliography. The criteria
used for selecting documents was their relevance to the above list of subjects.



The bibliographic data base was arranged alphabetically by author, and each
reference was given a unique number. The unique numbers are used to index the
references to various subjects. The subject terms used to index each reference
were taken from "GEOREF Thesaurus and Guide to Indexing" (Riley, 1981) and "Water
Resources Thesaurus" (U.S. Department of the Interior, 1980). Each reference was
coded by State and county if the information was readily accessible. The data
base can be searched by author, subject, State, county, and year. The
bibliography is in a relational data base that may be accessed from a geographic
information system (GIS).

APPLICATION OF A GEOGRAPHIC INFORMATION SYSTEM

A GIS was used to generate digital maps of public-supply wells and
hazardous-waste sites. The GIS is used to manage digital data related to each
public-supply well or hazardous-waste site. The data was collected from various
sources.

Public-Supply Wells

Site-specific data for public-supply wells (henceforth referred to as
wells) were retrieved from the USGS State Water-Use Data System (SWUDS), the
Ground-Water Site Inventory (GWSI), and (or) from State agencies in 1987. The
SWUDS and GWSI are USGS-maintained data-storage and retrieval systems that
contain ground-water information from local, State, Federal, and private
organizations. The SWUDS contains water-use data, and the GWSI contains aquifer
characteristics and well data. Locations of 4,236 wells in 8 States are shown
on plate 1--Il1linois (13), Indiana (316), Michigan (2,939), Minnesota (46), New
York (245), Ohio (322), Pennsylvania (36), and Wisconsin (319).

Obtaining well locations was the primary goal for compiling the public-
supply-well map, but additional information was requested, including well owner,
well identification number, State, county, latitude and longitude, hydrologic
unit, aquifer; township, range, and section (TRS); and remarks. Remarks include
total withdrawals for 1986 and comments regarding the status or accuracy of the
well location. Data on aquifer characteristics were not available for most older
wells.

There are no consistent guidelines for collecting and storing well
information among the States in the Great Lakes basin. Discrepancies concerning
definition of what constitutes a public-supply well and inconsistencies among
data-collection programs cause disparities in the regional data base. For
example, the large concentration of wells in the eastern part of the Upper
Peninsula of Michigan results from the designation of fire department wells as
public-supply wells. Snavely (1986) summarizes the water-use programs, including
well data for the Great Lakes basin.



The information obtained on wells had to be manipulated for use in an
ARC/INFO! GIS. Latitude and longitude coordinates or Universal Transverse
Mercator (UTM) coordinates of wells were converted to Albers map coordinates in
order to be consistent with other USGS GIS data bases. Location descriptions are
given for wells in some States by township, range, section, and quarter-section
coordinates. Latitude and longitude were obtained for these wells by manually
plotting the points on 7-1/2-minute topographic quadrangle maps, then encoding
the corresponding latitude and longitude into the system. The well locations
were plotted in the center of the closest quarter section.

The source of data in each State determines the accuracy of the location
information. Some agencies report site-specific information, but most previously
published data were aggregated by county. State agencies use various legal or
unique geographic coordinates that must be converted to latitude and longitude,
UTM, State plane, or other coordinates that are readily input to ARC/INFO.

Most locations of wells in New York were provided by the New York
Department of Public Health in latitude and longitude, but some latitudes and
longitudes were determined from well locations plotted and digitized on paper
maps. Half of the Minnesota wells were located from a well-tabulation form (Lee
Trotta, U.S. Geological Survey, oral commun., 1987), and the latitudes and
longitudes for the rest of the wells were derived by manually plotting well
locations. In Michigan, 99 percent of the 2,939 wells were located only by
street address provided by the Michigan Department of Public Health. The
conversion of street address to latitude and longitude was accomplished for
approximately 75 percent of the wells in Michigan by locating, and then
digitizing, the wells on topographic maps. Wells in the Upper Peninsula had TRS
information (1 percent of wells) that was manually plotted on 7-1/2-minute
quadrangle maps; latitude and longitude were determined from these maps. The
Michigan State University, Center for Remote Sensing, digitized most public-
supply-well locations for the purpose of evaluating trends in nitrate
contamination of ground water (Kittleson and Kruska, 1986). This information is
in unique coordinates that could not be converted to ARC/INFO coordinates at the
time of the writing of this report (Mike Badar, University of Michigan, oral
commun., 1988).

Information for Illinois, Indiana, Ohio, Pennsylvania, and Wisconsin was
readily available and needed only minor revisions to develop a location coverage
in ARC/INFO. The Illinois State Water Survey located wells by TRS; each section
further subdivided to locate the well within a 10-acre plot. These were manually
converted to latitude and longitude. The Indiana Department of Natural Resources
provided information in UTM coordinates. The Ohio Department of Natural
Resources provided locations in latitude and longitude. The well locations in
latitude and longitude for Pennsylvania and Wisconsin were provided by the USGS
District offices.

lUse of trade names in this report is for identification purposes only and does
not constitute endorsement by the U.S. Geological Survey.



Waste Sites

The waste sites include all known contaminated sites as of 1986 listed
under the Resource Conservation and Recovery Act (RCRA) of 1976 and the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
of 1980. The basin contained 196 waste sites in 1986 (pl. 2 and fig. 2) (U.S.
Geological Survey, 1988b). Six attributes in the GIS are associated with each
site.

Several problems were discovered in producing these maps by means of a GIS.
The maps that were developed from existing information have several resolution
problems. If no latitude and longitude were available for a site, latitude and
longitude were computer generated by the centroid of the postal zone improvement
program (ZIP) code. The latitude and longitude coordinates generated from the
ZIP code correspond to the owners address, which is not always the same as the
waste-site ZIP code. This is the only computerized information available. Care
should be taken in using this map (pl. 2) for planning purposes because the
locations of the waste sites are not field verified.

A second problem concerns the accuracy of determining the number of waste
sites in a given area. One point may represent more than one site. This problem
is most likely the result of computer-generated latitude and longitude that plot
all sites with the same postal ZIP code at the center of the city. Resolution
of density on the existing data base could be enhanced by searching for identical
latitudes and longitudes and then using a unique symbol to represent site
density.

Many institutions in the Great Lakes basin are using ARC/INFO to create and
edit digital information. The ARC/INFO data base that the USGS established is
based on existing national or regional digital data. There is a need to
integrate existing digital data from a variety of sources and to edit all data
bases for precision and applicability. By using ARC/INFO, very specific regional
information can be accumulated and used in local studies or generalized for
regional analysis. Documentation of digitized information and map-scale
variability will determine the extent to which this information can be
integrated.

There are many sources of digital data. Currently, the National
Cartographic Information Center and the Information Systems Division of the USGS
have two computerized information directories--the Spatial Digital Data Directory
and the Earth Science Data Directory. These directories include references to
GIS data bases and sources of information.
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SUMMARY

A bibliography of 1,114 references pertaining to the hydrogeology of the
Great Lakes basin in the U.S. was compiled in a relational data-base system.
These references span the period 1960-86. When information was available, the
references were indexed by author, year, subject, State, and county. Regional
information on aquifers and water quality is scarce.

A GIS was used for data management and for the display of locations of
public-supply wells and waste sites. Public-supply-well information was
collected from USGS water-data storage systems or from State agencies.

A map showing the proximity of public-supply wells to waste sites was
developed using ARC/INFO. Waste sites include all known contaminated RCRA and
CERCLA sites as of 1986. Problems involving accurate site locations of waste
sites include location duplication and inaccurate extrapolation of latitude and
longitude based on site address and postal ZIP code.

9
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